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FIGURES FROM SECTION 2
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Source: Clty of Austin, Watershed Management Division
Figure 2-1: Effects of Urbanization on Flood Hydrograph
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Figure 2-3: Dimensionless Curvilinear Unit Hydrograph and Equivalent Triangular Hydrograph
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FIGURES FROM SECTION 3
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Figure 3-1: Nomograph for Flow in Gutters
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FIGURES FROM SECTION 4
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Figure 4-1: Curb Opening Inlet in a Sump (Type S-1)
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Austin, Texes. January 1977,

Figure 4-2: Grate Inlet in a Sump (Type S-2)
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Figure 4-3: Combination Inlet in a Sump (Type S-3)
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SECTION A-A

Source: Clty of Austin, Drainaga Criteria Manugl Department of Public Works.
Austin, Texas. January [977.

Figure 4-4: Area Inlet Without Grate (Type S-4)
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Figure 4-5: Curb Opening, Inlet on Grade (Type G-1)
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Figure 4-6: Grate, Inlet on Grade (Type G-2)
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Figure 4-7: Combination Inlet on Grade (Type G-3)
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Figure 4-8: Inlet Capacity for Type S-1 and S-3
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Figure 4-9: Inlet Capacity for Type S-2
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Figure 4-10: Capacity for Inlets on Grade
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Figure 4-11: Ratio of Intercepted to Total Flow for Inlets on Grade
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FIGURES FROM SECTION 5
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Figure 5-1: Uniform Flow for Pipe Culverts
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Figure 5-2: Critical Depth of Flow for Circular Conduits
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Figure 5-3: Velocity in Pipe Conduits

A-18



~ 0,0005
— 0,000 o
E 3
- q -
- s-—.
— 0,002 =
n-—n
I ]
- 0.003 20
30
E-o.ooa & g
L sojg
& |-o.008 N g
-
g»- 100
- 3
- 200 —
3 300 -
0,0 400 4
= m—!
- 1000 —
2000 =
- 0.03
0,04
—0.05
_0.06

d/RISE
0.2
o3 §
A
0.4 g.:.
0sJ3 ¥
0.6
LOo0
0.3
da (FULL FLOW)
o 2
. ~—
-4
0.5
0.6
O.Qﬁ- 10O
(FULL FLOW)

(RISE X SPAM)

BxI36~
82x128 —

7421
243
683106 —
63x96

5ex¥
53383

4.)(?67

4368 —

= J4x53

—32x49

= 2945

—2Tx42

~24x38

—22%34

~19x30

—14x23

38x60 —

Seurce: Clty of Austin. Oralnags Critaria Manuol Department of Public Works.

Austin, Texas, Januery B77,

Figure 5-4: Uniform Flow for Concrete Elliptical Pipe
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Figure 5-6: Velocity in Elliptical Pipe
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Figure 5-7: Uniform Flow for Pipe Arch
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Figure 5-8: Depth of Flow for Pipe-Arch
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Figure 5-9: Velocity in Pipe-Arch
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o NOTE: w2 0.35 2
FLa 60° LATERAL hjs o8—— 5ol PLAN
v,2

Is 0.75 42
221" LATERAL h =
3 J= ‘25— "zo—L

hpeY2?_ 05v?
29

29
- 02,¥2
\-
Gy
SECTION
_CASE A
MANHOLE ON MAIN LINE MANHOLE ON MAIN LINE
WITH 45° BRANCH LATERAL WITH 90° BRANCH LATERAL

Source: City of Austin. Dralnoge Critacic Monual Deportment of Publlc Works.
Austin, Texos. Januery 1977,

Figure 5-10: Minor Head Losses Due to Turbulence at Structures
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CASE C
45% WYE CONNECTION
OR CUT=IN

CASE E
CONDUIT ON 90° CURVES

NOTE 1 HEAD LOSS APPLIED AT P.c. FOR LENGTH OF CURVE
RADIS = Dia. OF PIPE h) = 0.05 %f;’

RADWS = -8 DA, OF PPE hy s 0.25 33
RADIUS = (8-20) DiA. OF PIPE hJ =0.40 ;-gz
RADIUS = GREATER THAN 20 Dta. OF PPE h=0

WHEN CURVES OTHER THAN 80° ARE USED, APPLY
THE FOLLOWNG FACTORS TO 90 CURVES.
60° CURVES 852

100 =

PLaN
hi = L25£
29
# | T 0z, ¥
S =
SECTION
CASE D

INLET OR MANHOLE AT
BEGINNING OF LINE

CASE F

BENDS WHERE RADWUS IS
EQUAL TO DIAMETER OF PIPE

NOTE 1 HEAD LOSS APPLIED AT BEGWNING OF BEND

30° BEND Ny = 0.50 52
ng
60° BEND h) = 0.43 55

e vad
45° BEND h) = 0.35 ,%2
228%8600 hy = 0.20 z

45°CURVE T0% Sourcen Clty of Austh, Dralpage Oriteria Monuok Deportment of FPublc Works.

T 11,
22? CURVE 40% Austin, Taxos., Jonuary 9

Figure 5-11: Minor Head Losses Due to Turbulence at Structures
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005,
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Source: Clty of Austin, Wotershed Mancgement Division

Figure 5-12: Sample Storm Sewer Layout
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FLOW IN CUBIC FEET PER SECOND

BASED ON MANNING’S EQUATION |n=0.010
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Source: Brater, EF. and HW, King,
McGraw-Hil Book Companv. N.Y.. IS?;M of Hydrodics, Sixth Edition,

Figure 5-13: Flow for Circular Pipe Flowing Full (n=0.010)
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FLOW IN CUBIC FEET PER SECOND
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BASED ON MANNING’S EQUATION
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Figure 5-14: Flow for Circular Pipe Flowing Full (n=0.011)
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FLOW IN CUBIC FEET FER SECOND

BASED ON MANNING’S EQUATION|n=0.012
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Figure 5-15: Flow for Circular Pipe Flowing Full (n=0.012)
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FLOW IN CUBIC FEET PER SECOND
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Figure 5-16: Flow for Circular Pipe Flowing Full (n=0.013)
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FIGURES FROM SECTION 6

S = SLOPE (FEET PER FOOT)

NOTE: PROJECT MORIZONTALLY FROM I SCALE
TO OBTAIN VALUES FOR 2il THRU 6al

0.05 EXAMPLE
004 GVEN  FRD  soLuToN
520003 d  o/We 0,085
04,000 d=40%0,086
0.03 n=0,029 #3447
= W40
a SSdil
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I 100
= 20
- 70
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Source: Clty of Ausrtin, Droingos Criterla Manual Deparrtment of Publlc Works.

Austin, Texas. Januory 1977,

Figure 6-1: Uniform Flow for Trapezoidal Channels
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UPSTREAM
CHANNEL

APRON
DOWNSTREAM DOWNSTREAM
_L I;[: CHUTE &l APRON 31 CHANNEL
| l |
h~4
TR

A. SLOPING CHANNEL DROP

e
| “ DOWNSTREAM APRON | DOWNSTREAM CHANNEL
I T il

"4

A\ S

L\ RN

A

B. VERTICAL CHANNEL DROP

—]

Source: U.S.Bureau of Reclamation, *Hydroullc Design of Stiling

Basins and Energy Disapators,” Engineering Nomograph No. 25,
Elgth Printing, Denver, May, 984,

Figure 6-2: Sloping and Vertical Channel Drops

A-33



Y =%§>
Q = p—i~5 — PARTIAL BLOCK WIDTH
% \ UXTR
e 7 %,

PN Py
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3 5> @
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g ///,/ n
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i A g
= ,//,/ }r"
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DISCHARGE IN CFS PER FOOT OF WIDTH = q

Source: U.S. Bureou of Reclomation, Hydraulle Deslgn of Stllling
Bosins cnd Energy Discpators,” Emgineering Nomograph Mo, 25,
Elgth Printing, Denver, May, 1984,

Figure 6-3: Baffled Apron and its Design Curve
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Figure 6-4: Conceptual Design of Alternative Channel
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FIGURES FROM SECTION 7

= &

flush headwall entrance rounde onfrmoe with
rodius rounding=0150

embankmen

square-edged entrance square-sdaged projecting
thickwall plpe

socket entrance with squaore-edged enfrance
paralei wingwalls with paragallel wingwals

,approaching flow
/

Wingwalls flared from

axls of stream

square-ecged entrance with
45 * wingwalls

socket antraonce with
45 * wingwals

Source: City of Austin, Watershed management Division

Figure 7-1: Headwall Entrance Type
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Source: Clty of Austin, Watershed Management Division

Figure 7-2: Conceptual Design of Debris Fins
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HEADWATER (HW)
PROJECTING INLET END-UNSUBMERGED

INLET CONTROL

INLET CONTROL IS ONE OF THE TWO MAJOR TYPES OF CULVERT FLOW, CONDITION A WITH AN
UNSUBMERGED CULVERT INLET IS PREFERRED TO THE SUBMERGED END. SLOPE. ROUGHNESS AND LENGTH
OF CULVERT BARREL ARE NOT A CONSIDERATION.

WATER SURFACE (WS} /__\

m—ir_:':wm / \(—'L—

| OUTLET CONTROL

OUTLET CONTROL INVOLVES THESE FACTORS: CROSS-SECTIONAL AREA OF BARREL, INLET
'‘GEOMETRY", PONDING, SLOPE, ROUGHNESS, TAILWATER, AND LENGTH OF CULVERT BARREL.
Source: Bouder County, Storm Dralnage Criteria Manual

Figure 7-3: Inlet and Outlet Conditions for Culverts
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DEFINITION OF TERMS:

L = CULVERT LENGTH P/8 = PRESSURE HEAD

So = CULVERT SLOPE HGL = HYDRAULIC GRADE LINE

H,, = HEADWATER DEPTH EGL = ENERGY GRADE LINE

hy = VELOCITY HEAD Tw = TAILWATER DEPTH (
he = HEADLOSS AT THE ENTRANCE hf = FRICTION LOSS IN CULVERT

Z = DISTANCE FROM DATUM LINE d = APPROACH DEPTH

D=

CULVERT DIAMETER OR RISE

Figure 7-4: Hydraulics of a Culvert Under Outlet Control Condition
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T
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o

DISCHARGE Q) IN CFS

L 30
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LOSS COEFFICIENT K
FOR VARIOUS ENTRANCE TYPES

Figure 7-5: Inlet Control Nomograph, Circular Pipe
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HEGHT OF BOX (D) IN FEET

EXAMPLE
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TO USE SCALE {2) OR (3) USE STRAXGHT

INCLINED LIWE THROUGHM D AND O VALUES
TO SCALE (D, THEN PROJECT HORIZONTALLY
AS ILLUSTRATED.

Source: "Hydroulc Charts for the Selection
Culverts', HEC-S, USDOT, FHA, Dew. 1965
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Figure 7-6: Inlet Control Nomograph, Box Culverts

w

-
w

— .4

- .35

=35

A-41



6-IN, CORNER RADIUS
|— STRUETURAL PLATE C.M

SIZE (SPAN X RISE) OF PIPE-ARCH

|
Bl

}—————— STANDARD C.M.

i3y * 5,000
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TO USE SCALE (2) OR (3) PROJECT
HORIZONTALLY TO SCALE (), THEN
USE STRAIGHT INCLINED LINE THROUGH
D AND O SCALES, OR REVERSE AS

ILLUSTRATED

« ADDITIONAL SIZES NOT DIMENSIONED ARE
LISTED IN FABRICATOR'S CATALOG

Source: 'Hydraullc Charts for the Selection of Highway

Culverts®, HEC-5, USDOT, FHA, Dec, 1963

Figure 7-7: Inlet Control Nomograph, CSP Arch
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SIZE (SPAN X RISE) OF PIPE IN INCHES
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R

AR e e
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Socurce: 'Concreta Plpe Design Manual', ACPA 1970

Figure 7-8: Inlet Control Nomograph, RCP Arch
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Figure 7-9: Inlet Control Nomograph, SSP Arch
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~I51 x 9 EXAMPLE

Seurce: ‘Hydraullc Charts for the Selection of Highway
Culverts’, HEC-5, USDOT, FHA Dec. 1965

INLET CONTROL NOMOGRAPH

Figure 7-10: Inlet Control Nomograph, RCP Elips
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Figure 7-12: Outlet Control Nomograph, Circular RCP
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Figure 7-17: Outlet Control Nomograph, RCP Elipse
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Figure 7-21: Critical Depth Curves, SSP Arch
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Figure 7-22: Critical Depth Curves, RCP Ellipse
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Figure 7-23: Types of Flow for Bridge Design
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FIGURES FROM SECTION 8
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Figure 8-1: Concept of Detention Pond
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Figure 8-2: Weir and Orifice Flows
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